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Description

Technical Field

[0001] The present invention relates to an improvement in an electric optical element, more specifically to an optical
waveguide type-electric optical element

Background Art

[0002] There is conventionally known an electro-optical element as an optical element using an electro-optical effect.
The electro-optical element is used for optical intensity modulators, Q-switch elements, light beam scanners or the like
because the electro-optical element has a property that a response to change in electric field is very rapid.
[0003] The electro-optical effect means, in general, physical phenomenon that when electric field is applied to an
object through which light passes, a refractive index thereof changes. In addition, an effect that a refractive index changes
in proportion to intensity of an electric field is referred to as Pockels effect. An amount of change in a refractive index is
given by the following equation (1). 

[0004] Where rij is electro-optical constant (Pockels constant), V is an applied voltage, and d is a space between
electrodes applying a voltage.
[0005] An amount of change in the refractive index caused by the electro-optical effect is relatively small, for example,
if lithium niobate which is a typical electro-optical material is used, it is necessary to apply a large electric field of about
6kV/mm to an electro-optical crystal (EO crystal) in order to give change in a refractive index of about Δn = 0.001.
Practically, it is requested that the electro-optical element can operate with a low voltage and has good response
characteristic with a wide frequency band. It is effective that a space d between electrodes is set to be a small value as
is clear from the equation (1) to acquire large change of refractive index with a low voltage.
[0006] On the other hand, as a typical example of forming an optical waveguide in an electro-optical material, there
is known a technology of forming the optical waveguide by impurity diffusion, in which titan is locally diffused in an electro-
optical material of lithium niobate or the like, and a refractive index of the titan-diffused area only is increased, thereby
the optical waveguide is formed. In the optical waveguide structure, electrodes are provided adjacent to an optical
waveguide area formed by the impurity diffusion on a surface of the electro-optical crystal.
[0007] As another example of forming the optical waveguide in the electro-optical material, there is known a technology
of forming the optical waveguide, in which an electro-optical crystal is thinned by polishing or the like, and electrode
layers are provided on an upper surface and a lower surface of a substrate as a core layer, formed by the thinned electro-
optical crystal, thereby the optical waveguide is formed. In this case, a direction of applying an electric field is perpendicular
to the upper surface and the lower surface of the substrate of the electro-optical crystal. In the technology of forming
the optical waveguide in an electro-optical element, because it is possible to form the optical waveguide structure while
maintaining a characteristic of the electro-optical effect which is innate characteristic of the electro-optical crystal, an
electro-optical element effective to a low voltage operation can be provided.
[0008] In such a thin-film type-electro-optical element, it is necessary to provide as a clad layer a transparent material
having a refractive index lower than that of the core layer between the thinned substrate and each electrode, in order
to propagate waveguide light while confining the light in the electro-optical crystal substrate of a thinned film as the core
layer of the waveguide. As a typical clad material forming the clad layer, a dielectric material such as SiO2 is used.
[0009] If a voltage is applied to the optical waveguide formed by the core layer and the clad layers, the voltage applied
to the core layer is obtained by the following equation (2). 

[0010] Where V is a voltage applied to the optical waveguide, Vco is a voltage applied to the core layer, dco is a
thickness of the core layer, dcl is a thickness of each of the clad layers, εco is a dielectric permittivity of the core layer,
and εcl is a dielectric permittivity of each of the clad layers.
[0011] As is clear from the equation (2), when the clad layers are provided, because denominator of right-hand side
of the equation (2) is larger than 1, a voltage applied to the electro-optical crystal substrate itself, that is to say, a voltage
Vco applied to the core layer becomes a low value.
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[0012] For example, in an optical waveguide type-electro-optical element in which a core layer is formed by a thin film
made of lithium niobate, and each of clad layers is made of SiO2, if the core layer has 10 micrometers in thickness, and
each of the clad layers has 1 micrometer in thickness, a voltage applied to an electro-optical crystal itself (lithium niobate
of the electro-optical material) is only about 0.4 times as much as a voltage applied to the entire electro-optical element,
and therefore the electro-optical element itself has a high operational voltage.
[0013] Consequently, to apply a high voltage to the electro-optical material, it is necessary to reduce a thickness of
each of the clad layers. For example, if each of the clad layers is thinned to be about 0.2 micrometers, a voltage applied
to the electro-optical material is about 0.8 times as much as a voltage applied to the electro-optical element. This is
practical if it is considered that an operational voltage is reduced. In this way, in a conventional optical waveguide type-
electro-optical element, it is effective for a low voltage driving to thin the clad layers if possible (for reference, see
Japanese Patent Application Publication No. 2009-080378 which is referred hereinafter to as Patent Document 1).
[0014] In the Patent Document 1, there is disclosed a structure in which an electro-optical element includes a core
layer made of strong dielectric material and having a substrate of silicon, and clad layers comprising thin films each
having a high dielectric permittivity in order to inhibit voltage drop in the clad layers, and a method for manufacturing the
clad layers.
[0015] In the technology disclosed in the Patent Document 1, because each of the clad layers has a thin thickness,
when a high electric field is applied to the electro-optical element, there is a problem that insulation breakdown occurs
in the clad layers. In other words, when the electro-optical element is operated by applying a voltage of a high-intensity
electric field to the electro-optical element, there is a problem that insulation breakdown occurs. If a voltage is applied
to the electro-optical element, an electric field intensity applied to the clad layers is given by the following equation (3). 

[0016] Where Ecl is an electric field-intensity applied to each of the clad layers, and Eco is an electric field-intensity
applied to the core layer.
[0017] In an electro-optical element in which if the core layer is formed by a thin film made of lithium niobate which is
one of an electro-optical material, and each of the clad layers is made of SiO2, for example, εco / εcl is is about 7, an
electric field which is 7 times higher than the electric field of the electro-optical element is applied to the clad layers. As
an example, in an electro-optical element in which the core layer is formed by a thin film having 10 micrometers in
thickness made of lithium niobate, and the voltage of 100V is applied to the electro-optical element, an electric field
intensity applied to the core layer is 10kV/mm, and the high electric field, 70kV/mm is applied to the clad layers.
[0018] Because a voltage of insulation breakdown in a general silica glass is about 40kV/mm, there is high possibility
that insulation breakdown occurs in the clad layers. If the insulation breakdown occurs in the clad layers, the electro-
optical element is subject to adverse effects as mentioned hereinafter.
[0019] First, it is considered that the insulation breakdown does not occur in the entire area of the clad layers simul-
taneously, but occurs locally in a partial area of the clad layers, for reasons of a thickness distribution of a film of each
of the clad layers when the film is formed, a surface roughness of the film, adhesion between the film and the core layer,
or the like.
[0020] In a place at which the insulation breakdown occurs, because each of the clad layers which are essential
insulators functions as a conductor, if a small insulation breakdown occurs in the clad layers, it is considered that the
same operation as a case where one or more small protrusions are provided on electrodes are performed in the place
of the insulation breakdown.
[0021] It is known that an electric field is concentrated on the small protrusions. Therefore, there is possibility that
insulation breakdown occurs in the core layer made of an electro-optical material. Even if insulation breakdown does
not occur in the core layer, a conductive area is formed in the clad layers, and thereby there is possibility that charges
from electrodes are injected in the core layer through the conductive area.
[0022] Even in cases where insulation breakdown occurs locally in the core layer of the electro-optical material and
charges are injected in the core layer through the clad layers, the charges are unevenly injected in the core layer of the
electro-optical material. When the charge injection occurs, an electric field formed in the core layer is broken by the
charge injection. Consequently, when the electro-optical element is operated, inhomogeneous electric field intensity is
formed in the core layer by the local charge injection.
[0023] When the electro-optical element is operated, it is important that an electric field is evenly formed in the core
layer. In particular, if electric field within the optical waveguide is inhomogeneous, an amount of change of refractive
index caused by the electric field is different every areas of the optical waveguide. Consequently, a shape of light beam
propagated in the optical waveguide is significantly deformed.
[0024] In particular, in a case of a slab optical waveguide where an optical waveguide has no structure confining
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charges laterally, deformation of a beam shape by the inhomogeneous electric field is significantly appeared. The
deformation of the beam shape results in reduction of extinction ratio, if the electro-optical element is used as a modulator,
and in deterioration of a shape of emitted light beam and reduction of image dissection score which can be resolved by
a scanner for light beam, if the electro-optical element is used as the scanner.
[0025] In this way, there is a problem in the conventional clad layers that a beam shape of light beam passing through
the optical waveguide is deformed, and hence performance of the electro-optical element is degraded

Disclosure of Invention

[0026] An object of the present invention is to provide an electro-optical element capable of inhibiting charge injection
into an electro-optical material of a core layer in the electro-optical element and preventing a beam shape of light beam
transmitting in the electro-optical element from being distorted.
[0027] The invention is in the electro-optical element of Claim 1.

Brief Description of Drawings

[0028]

FIG.1 is a sectional view showing an electro-optical element according to a first embodiment of the present invention.
FIG.2 is a sectional view showing an electro-optical element according to a second embodiment of the present
invention.
FIG.3A is a sectional view showing an electro-optical element according to a third embodiment of the present
invention.
FIG.3B is a sectional view showing an electro-optical element according to the third embodiment of the present
invention.
FIG.4 is a sectional view showing an electro-optical element according to a fourth embodiment of the present
invention.
FIG.5 is a sectional view showing a conventional electro-optical element.

Description of Embodiments

[0029] Preferred embodiments of the present invention will be explained hereinafter in detail with reference with the
accompanying drawings.

<First Embodiment>

[0030] FIG.1 illustrates an electro-optical element according to a first embodiment of the present invention.
[0031] The electro-optical element 1 as shown in FIG.1 includes an optical waveguide 2. The optical waveguide 2
includes a core layer 4 made of an electro-optical crystal as an electro-optical material. A clad structure is disposed on
each of opposite sides of the core layer 4. One clad structure disposed on one side of the core layer 4 includes a first
clad layer 5a provided on one side, for example, a lower surface 4a of the core layer 4, and a second clad layer 6a
provided on a lower surface of the first clad layer 5a. On the other hand, another clad structure disposed on another
side of the core layer 4 includes a first clad layer 5b provided on another side, that is to say, an upper surface 4b of the
core layer 4 and a second clad layer 6b provided on an upper surface of the first clad layer 5b.
[0032] The optical waveguide 2 is formed by the core layer 4 constituting a core of the electro-optical element 1, the
first clad layers 5a and 5b provided on the both sides of the core layer 4, respectively and the second clad layers 6a
and 6b provided on the first clad layers 5a and 5b, respectively. After the first clad layers 5a and 5b are provided on the
core layer 4, the second clad layers 6a and 6b are provided on the first clad layers 5a and 5b.
[0033] A pair of first electrode layers 7a and 7b are provided. More specifically, for example, the first electrode layer
(lower electrode layer) 7a is provided on the lower surface of the second clad layer 6a, and the first electrode layer
(upper electrode layer) 7b is provided on the upper surface of the second clad layer 6b. Consequently, the core layer 4
is disposed between the pair of opposite first electrode layers 7a and 7b through the first clad layers 5a, 5b and the
second clad layers 6a, 6b.
[0034] The first clad layers 5a and 5b, the second clad layers 6a and 6b, and the first electrode layers 7a and 7b are
sequentially provided on the core layer 4.
[0035] The provision of the first clad layers 5a and 5b, the second clad layers 6a and 6b, and the first electrode layers
7a and 7b can be performed through any process, such as printing, vapor deposition or the like.
[0036] In the electro-optical element structured as mentioned above, when a voltage V is applied to the first electrode



EP 2 470 943 B1

5

5

10

15

20

25

30

35

40

45

50

55

layers 7a and 7b, a refractive index of the core layer 4 is changed.
[0037] The core layer 4 has, for example, several hundred nanometers to several ten micrometers in thickness. The
reason that the first and second clad layers 5a (5b) and the second clad layers 6a (6b) are sequentially provided on
surfaces of the core layer 4 is to transfer guided light by closing it into the core layer 4 effectively.
[0038] The first clad layers 5a, 5b and the second clad layers 6a, 6b are dielectric bodies which respectively have a
different dielectric permittivity with respect to each other. The dielectric permittivity of the second clad layers 6a (6b) is
larger than that of the first clad layers 5a (5b). In addition, each of at least the first clad layers 5a (5b) is set to have a
refractive index lower than that of the core layer 4. Furthermore, each of the second clad layers 6a (6b) is set to have
a thickness thicker than that of each of the first clad layers 5a (5b).
[0039] It is preferable to use a non-linear optical crystal such as lithium niobate (LiNbO3), lithium tantalite (LiTaO3),
KTP (KTiOPO4), SBN, and KTN for an electro-optical material making the core layer 4.
[0040] After these optical crystals are adhered to a supporting substrate (not shown), when they are polished, it is
possible to acquire a thinned electro-optical element, while maintaining a characteristic of the optical crystals. On the
other hand, for a material making the clad layers 5a, 5b and 6a, 6b, it is possible to use a dielectric material such as
silicon dioxide (SiO2), tantalum oxide (Ta2O5), titanium oxide (TiO2), silicon nitride (Si3N4), aluminum oxide (Al2O),
hafnium oxide (HfO2) or the like, or a mixing material of the dielectric material and glass. It is preferable to use a metallic
material such as Au, Pt, Ti, Al, Ni, Cr or the like, or a transparent material such as ITO (indium tin oxide) or the like.
[0041] Here, reference is made to a case applying a voltage to an optical waveguide in which one clad layer is provided
on a core layer made of an electro-optical crystal as a general optical waveguide structure.
[0042] FIG.5 illustrates an example of the general optical waveguide structure. In FIG.5, reference numeral 10 shows
an electro-optical element. The electro-optical element 10 includes an optical waveguide 12. The optical waveguide 12
has a core layer 14 made of an electro-optical crystal as an electro-optical material. A clad layer 15a is provided on a
lower surface 14a of the core layer 4, and an electrode layer 17a is provided on a lower surface of the clad layer 15a.
A clad layer 15b is provided on an upper surface 14b of the core layer 4, and an electrode layer 17b is provided on an
upper surface of the clad layer 15b.
[0043] To confine guided light in the optical waveguide 12 effectively, it is preferable to use a material having a refractive
index as small as possible for a material making the clad layer 15a. However, a material making the clad layer 15a has
usually a small dielectric permittivity. Because the electro-optical crystal has usually a large dielectric permittivity, a ratio
εco / εcl of a dielectric permittivity εco of the core layer 14 to a dielectric permittivity εcl of the clad layer 15a becomes a
large value.
[0044] Consequently, when a voltage is applied to the electro-optical element 10, in order to inhibit a voltage drop at
the clad layer 15a and approach an applied voltage Vco to the core layer 14 to an applied voltage V to the optical
waveguide 12, a ratio dcl / dco of a thickness dcl of the clad layer 15a to a thickness dco of the core layer 14 may be set
to be small as is clear from the aforementioned equation (2). In other words, it is requested that the thickness of the clad
layer 15a is thinner than that of the core layer 14.
[0045] In a case of the optical waveguide type-electro-optical element 10 in which, for example, the core layer 14 is
formed by a thin film made of lithium niobate and the clad layer 15a is made of SiO2, if the clad layer 15a is thinned to
0.2 micrometers in thickness, an applied voltage Vco to the core layer 14 formed the thin film made of lithium niobate is
inhibited to a value of a degree of 0.8 times as much as an applied voltage V to the electro-optical element 10.
[0046] However, when the clad layers 15a and 15b are extremely thinned, the application of the voltage V makes it
possible to inject charges from the electrode layers 17a and 17b through the clad layers 15a and 15b into the electro-
optical crystal or core layer 14. If the charges are injected in the electro-optical crystal, there is a problem that turbulent
distribution occurs in an electric field formed in the electro-optical crystal, and therefore distortion occurs in a shape of
light beam transmitting in the optical waveguide 12. Accordingly, it is requested to inhibit the charge injection into the
electro-optical crystal when applying a voltage to electro-optical element 10.
[0047] To satisfy the request, the first embodiment according to the present invention has a structure configured to
include the first clad layers 5a and 5b and the second clad layers 6a and 6b, use a material having a high dielectric
permittivity for the second clad layers 6a and 6b, and dispose the second clad layers 6a and 6b outside the first clad
layers 5a and 5b having a low refractive index. Because the second clad layers 6a and 6b have a high dielectric permittivity,
even if a thickness dcl thereof is thickened, a voltage drop at the second clad layers 6a and 6b is small. In addition,
because the second clad layers have a thick thickness, it can be inhibited that charges from the first electrode layers
7a and 7b at the time of applying a voltage to the electro-optical element are injected into the core layer 14.
[0048] In a case of the optical waveguide type-electro-optical element 1 in which, for example, the core layer 4 is
formed by a thin film made of lithium niobate and the second layers 6a and 6b are made of Ta2O5, because lithium
niobate and Ta2O5 have a similar dielectric permittivity, even if a thickness dcl of each of the second clad layers 6a and
6b made of Ta2O5 is thickened to be about 1 micrometer, an applied voltage Vco to the core layer made of lithium niobate
can be inhibited to a degree of 0.8 times as much as a voltage V applied to the electro-optical element 1.
[0049] In addition, because each of the second clad layers 6a and 6b has a thick film thickness dcl, the second clad
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layers can block charges from the first electrode layers 7a and 7b, consequently, it is possible to inhibit injection of the
charges into the core layer 4 when applying a high voltage to the electro-optical element 1.
[0050] In an electro-optical element 1 including a core layer 4 made of lithium niobate having a thickness, about 10
micrometers and second clad layers 6a and 6b made of Ta2O5 having a thickness, 1micrometer, when a voltage V =
100V is applied to the electro-optical element 1, a current density flowing in the electro-optical element 1 was 2nA/mm2

or less.
[0051] It is evidenced that the electro-optical element 1 has a current density of 1/10 or less of an electro-optical
element 1’ including a clad layer 5a’ made of Si02 having a thickness, about 0.2 micrometers. It is confirmed that the
electro-optical element according to the present invention has advantageous effect of the inhabitation of charge injection.
In this case, it is possible to reduce very a thickness dcl of each of the first clad layers 5a and 5b made of a material
having a low refractive index. The thickness dcl required to each of the first clad layers 5a and 5b depends on a refractive
index and a thickness of the core layer 4 in the optical waveguide 2 constituting the electro-optical element 1.
[0052] For example, when assuming that the core layer 4 is made of lithium niobate, the first clad layers 5a and 5b
are made of SiO2, and the core layer 4 has a thickness of 10 micrometers, the optical waveguide 2 becomes a multimode
optical waveguide, but because a difference between refractive indexes of the core layer 4 and each of the first clad
layers 5a and 5b is very large to be 0.7 or more, if the first clad layers 5a and 5b are formed to have about 0.2 micrometers
in thickness, it is possible to confine approximately the entire light power in electro-optical crystal.
[0053] In addition, to inhibit propagation of high-order mode, it is effective to thin further the thickness of the first clad
layers 5a and 5b. Light propagating the optical waveguide 2 appears significantly on the first clad layers 5a and 5b in
case of a high-order, usually. Propagation light appeared outside the first clad layers 5a and 5b which have a very thin
thickness reaches into an inside portion of each of the second clad layers 6a and 6b.
[0054] Here, because each of the second clad layers 6a and 6b has a refractive index larger than that of each of the
first clad layers 5a and 5b, light component reached to the second clad layers 6a and 6b is propagated in the optical
waveguide 2, remaining held in the second clad layers 6a and 6b. Because the first electrode layers 7a and 7b are
directly in contact with the second clad layers 6a and 6b, the light component is absorbed in the first electrode layers
7a and 7b or dissipated in the optical waveguide 2 while repeating reflection with loss.
[0055] By using this advantageous effect, it is possible to inhibit the propagation of the high-order mode light in the
optical waveguide 2. In a large number of optical waveguide type-electro-optical elements 1, if the propagation mode is
different, because an amount of variation of the refractive index is different, in a case where the optical waveguide 2 is
a multi-mode optical waveguide, it is preferable to inhibit the propagation of high-order mode light. That is to say, if a
thickness of each of the first clad layers 5a and 5b is set to be smaller than a wavelength of light propagated in the
electro-optical element 1, there is a advantageous effect that it is possible to inhibit the propagation of the high-order
mode light.
[0056] In addition, generally, in the electro-optical waveguide structure as shown in FIG.5, the refractive index of each
of the clad layers 15a and 15b is smaller than that of the core layer 14. In contrast, in the first embodiment, it is possible
to select a material of the first clad layers 6a and 6b as shown in FIG.1 without depending on the refractive index of the
material of the core layer 4. For example, a consideration is made with respect to a case where KTP (kalium titanyl
phosphate) is selected for a material of the core layer 4.
[0057] The KTP has a refractive index of about 1.83 which is relatively low in electro-optical crystals. Therefore,
generally, a dielectric material having a low refractive index as a material for clad layers is consequently selected.
However, in the first embodiment, a material, for example, Ta2O5 having a refractive index larger than that of the core
layer 4, for the second clad layers 6a and 6b may be selected.
[0058] In this case, for example, when a material having a low refractive index such as SiO2 is used for each of the
first clad layers 5a and 5b, it is possible to accomplish block of basic-mode light at a boundary of the first clad layers 5a,
5b and the core layer 4 and inhibit charge injection in the core layer by the second clad layers 6a and 6b. The second
clad layers 6a and 6b each having a large refractive index are effective to inhibit propagation of high-order mode light
in the optical waveguide 2.
[0059] In addition, each of the second clad layers 6a and 6b is not required to be formed by a transparent material. It
is preferable that a material having a high dielectric permittivity is used for each of the second clad layers 6a and 6b.
However, there may be included materials which are easy to absorb or scatter light in such materials.
[0060] According to the first embodiment, high dielectric material also can be used for the second clad layers 6a and
6b. More specifically, it is effective that a mixing material in which a ceramic material is dispersed in a resin material is
applied on an outer side surface of each of the first clad layers 5a and 5b, or a ceramic material is applied on each of
the outer side surfaces of the first clad layers through a film-formation process by aerosol deposition or the like, thereby
second clad layers can be formed on the first clad layers.
[0061] Even in such an optical waveguide structure, it is possible to accomplish block of basic-mode light at a boundary
of the first clad layers 5a, 5b and the core layer 4 and inhibit charge injection in the core layer 4 by the second clad
layers 6a and 6b. In addition, because light is absorbed or scattered at the second clad layers 6a and 6b, it is possible
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to inhibit the propagation of high-order mode light in the optical waveguide 2.

<Second Embodiment>

[0062] FIG.2 illustrates an electro-optical element according to a second embodiment of the present invention. In the
electro-optical element shown in FIG.2, identical reference numbers are attached to similar parts to that in the electro-
optical element according to the first embodiment as shown in FIG.1, and detailed descriptions thereof are omitted.
[0063] The electro-optical element according to the second embodiment includes an electrode layer structure which
is disposed outside each of the second clad layers 6a and 6b. The electrode layer structure comprises two kinds or more
of metallic thin films. More specifically, the electrode layer structure disposed outside the second clad layer 6a includes
a first electrode layer 7a provided on an outer surface of the second clad layer 6a and a second electrode layer 8a
provided on an outer surface of the first electrode layer 7a, and the electrode layer structure disposed outside the second
clad layer 6b includes a first electrode layer 7b provided on an outer surface of the second clad layer 6b and a second
electrode layer 8b provided on an outer surface of the first electrode layer 7b.
[0064] In the second embodiment, each of the first electrode layers 7a, 7b and each of the second electrode layers
8a, 8b are made of different materials. It is advisable that each of the second electrode layers 8a and 8b forming
uppermost surfaces of the electro-optical element 1 is made of a material which is difficult to be affected by change in
surrounding environment, such as Au, Pt or the like.
[0065] If adhesion between each of the first electrode layers 7a, 7b and each of the second clad layers 6a, 6b is not
good, the first electrode layers or the second clad layers are made of an electrical material having a good adhesion, or
a sheet made of such an electric material is disposed between each of the first electrode layers 7a and 7b and each of
the second clad layers 6a and 6b.
[0066] It is known that if different materials are used for the electrode layers, because work function thereof also is
different, an amount of charge injection into the electro-optical element 1 is consequently different. Accordingly, it is
preferable to select electric materials in which charge injection is difficult to occur, for the first electrode layers 7a and 7b.
[0067] More specifically, it is preferable that Cr, Ti, A1 or the like having a small work function is used for a material
of each of the first electrode layers 7a and 7b. Because these metals are easy to oxidize relatively, there is a problem
that a composition of electrode materials changes during operation for a long time and an effective function as the
electrode layers cannot be achieved. To resolve such a problem, it is effective that after the first electrode layers are
formed, subsequently the second electrode layers 8a and 8b are formed on the first electrode layers 7a and 7b, respec-
tively.

<Third Embodiment>

[0068] FIGs.3A and 3B illustrate an electro-optical element according to a third embodiment of the present invention.
[0069] FIG.3A illustrates an example in which a plurality of fine structures 25a are provided at intervals on the first
clad layer 5a, and a plurality of fine structures 25b are provided at intervals on the first clad layer 5b. The second clad
layer 6a is formed on a surface of the first clad layer 5a to cover the fine structures 25a, and the second clad layer 6b
is formed on a surface of the first clad layer 5b to cover the fine structures 25b. The first electrode layer 7a is formed on
a surface of the second clad layer 6a, and the first electrode layer 7b is formed on a surface of the second clad layer
6b. In the illustrated embodiment, each of the fine structures comprises a fine concave and convex structure formed on
a surface of each of the first clad layers.
[0070] The fine structures 25a and 25b are provided by forming fine apertures in the first clad layers using a dry etching
technology after the first clad layers 5a and 5b are formed, for example. Alternatively, the fine structures 25a and 25b
can easily be formed by increasing a surface roughness of each of the first clad layers 5a and 5b through polishing
processing, wet etching or the like.
[0071] The concave and convex structures in the fine structures 25a and 25b are formed at equal intervals or random
intervals in a direction of light-propagation (X-X direction as shown by arrow). It is preferably that an interval H between
adjacent structures in each of the fine structures 25a and 25b is set to be the same as or lesser than a wavelength of
light propagating in the optical waveguide 2. The inhibiting effect of the charge injection by the clad layers having the
multi-structure is the same as in the first and second embodiments.
[0072] In the third embodiment, by providing the fine structures 25a and 25b in the first clad layers 5a and 5b, the
inhibition of the charge injection and the light confinement into the core layer 4 can be further effectively achieved.
[0073] For example, in the optical waveguide structure as shown in FIG.3A, when the first clad layers 5a and 5b are
significantly thinned, it is possible to set an equivalent refractive index of the first clad layers acquired by light propagating
in the optical waveguide 4 to be an intermediate value of a refractive index of each of the first and second clad layers.
[0074] The equivalent refractive index of the first clad layers can be adjusted to any value by changing the number
(density) of concave and convex portions per unit area of each of the fine structures 25a and 25b. Thereby, it is possible
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to inhibit the charge injection into the core layer 4 based on the second clad layers 6a and 6b and set the refractive index
of the clad layers optionally. This makes it possible to accomplish easy design of the optical waveguide 2.
[0075] FIG.3B illustrates an example in which a plurality of fine structures 26a are provided at intervals on the second
clad layer 6a, and a plurality of fine structures 26b are provided at intervals on the second clad layer 6b. The first electrode
layer 7a is formed on a surface of the second clad layer 6a to cover the fine structures 26a, and the first electrode layer
7b is formed on a surface of the second clad layer 6b to cover the fine structures 26b. A method of forming the fine
structures 26a and 26b is the same as the aforementioned method for forming the fine structures 25a and 25b.
[0076] The fine structures 26a and 26b are formed at equal intervals or random intervals in a direction of light-propa-
gation (X-X direction as shown by arrow). It is preferably that an interval H between adjacent structures in each of the
fine structures 26a and26b is set to be the same as or lesser than a wavelength of light propagating in the optical
waveguide 2. It is preferably that an interval H between adjacent structures in each of the fine structures 26a and26b is
set to be the same as or lesser than a wavelength of light propagating in the optical waveguide 2.
[0077] In the optical waveguide structure as shown in FIG.3B, it is possible to control an amount of charges which are
emitted from the first electrode layers 7a and 7b and injected in the second clad layers 6a and 6b, by providing the fine
structures 26a and 26b on the second clad layers 6a and 6b, differently from the optical waveguide structure as shown
in FIG.3A.
[0078] Because charges are evenly injected in the second clad layers 6a and 6b by the fine structures 26a and 26b,
it is possible to prevent collecting of electric field from occurring at the first clad layers 5a and 5b, and inhibit the generation
of insulation breakdown of the second clad layers 6a and 6b.

<Fourth Embodiment>

[0079] FIG.4 illustrates an electro-optical element according to a fourth embodiment of the present invention.
[0080] In the fourth embodiment, an example in which the electro-optical element 1 is applied to a polariscope is shown.
[0081] It is necessary to form a prism structure 4A in an electro-optical material constituting the core layer 4 in order
to use the electro-optical element 1 as the polariscope. Concretely, lithium niobate crystal, lithium tantalite crystal or the
like is used for the electro-optical material.
[0082] The core layer 4 includes a plurality of polarization-inverted areas 4a each having a triangular shape (prism
shape), and a residual area 4b. Each of the polarization-inverted areas 4a has crystal axes which reverse in direction
to crystal axes of the residual area 4b.
[0083] The polarization-inverted areas 4a are arranged in a regular manner in a direction of propagation of light beam
(waveguide light) P. The direction of the crystal axes of each of the polarization-inverted areas 4a is, for example, directed
(shown by arrow) from a back surface of a paper to a front surface of the paper, as shown in FIG.4, and the direction of
the crystal axes of the residual area 4b is directed from the front surface of the paper to the back surface of the paper.
[0084] When a voltage is applied to the core layer 4, each of the polarization-inverted areas 4a is opposite in sign of
variation in refractive index to the residual area 4b. Therefore, the prism structure 4A occurs in the core layer 4. The
prism structure 4A comprises an assembly of a plurality of prisms. A propagation angle of the light beam P (waveguide
light) propagating in the core layer 4 is bent at a boundary of each prism, and a moving direction of the light beam P in
the core layer differs or is deflected from an incident direction when entering the electro-optical element 1. In other words,
the light beam P is emitted from the electro-optical element 1 in a direction different from the incident direction. It is
possible to change a beam deflection angle of the light beam depending on a magnification of an applied voltage V to
the electro-optical element. Thereby, the electro-optical element 1 can be used as a polariscope.
[0085] There are known various methods to form the aforementioned polarization-inverted areas 4a in an electro-
optical crystal. In general, a high voltage corresponding to a high electric field of an anti-electric field or more may be
applied to a crystal material of the electro-optical crystal. It is possible to form triangle-like (prism shaped) polarization-
inverted areas 4a by applying a high voltage to the electro-optical element 1 in a manner that a portion wanting to form
the triangle-like (prism shaped) polarization-inverted areas 4a is masked by an insulation member. In this case, the
polarization-inverted areas 4a can sufficiently be formed even if a usual photoresist is used as the insulation member.
[0086] In a prism type-polariscope, because a deflection angle becomes large as an applied voltage becomes high,
there is possibility that the voltage of 100V or more is applied to the electro-optical element 1. If the core layer 4 has a
thickness of micrometer order, a very large electric field may be applied to the electro-optical crystal, the first clad layers
5a and 5b, and the second clad layers 6a and 6b.
[0087] Accordingly, charge injection from the first electrode layers 7a and 7b to the core layer 4 occurs, and hence
there is possibility that an electro-optical characteristic and a performance of the electro-optical element 1 are deteriorated.
However, as described in the aforementioned embodiments, because the multi-clad layers are provided in the electro-
optical element, it is possible to inhibit the charge injection from the electrode layers to the core layer even if a high
voltage is applied to the electro-optical element 1.
[0088] As mentioned above, in the electro-optical element according to the present invention, the clad layers are
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formed in the multi-layer structure including thin films or clad layers each having a low dielectric permittivity and thick
films or clad layers each having a high dielectric permittivity, which are sequentially disposed in each of opposite sides
of a core layer constituting an optical waveguide. In the electro-optical element as mentioned above, the clad layers
each having a high dielectric permittivity are configured to inhibit charge injection from electrode layers into the core
layer when the electro-optical element is operated, and the clad layers each having a low dielectric permittivity are
configured to achieve confinement or block of light to the core layer. Consequently, in the optical waveguide type-electro-
optical element, it is possible to inhibit injection of charges in an electro-optical material of the core layer, and therefore
to prevent a shape of light beam from being deformed, when driving the electro-optical element.
[0089] In addition, when waveguide light is propagated in the electro-optical element, it is possible to inhibit propagation
of high-order mode-waveguide light in the electro-optical element.
[0090] Although the preferred embodiments of the present invention have been described, the present invention is
not limited to these embodiments. It should be appreciated that changes and modifications can be made to the embod-
iments.

Industrial Applicability

[0091] Although the present invention has been applied to an electro-optical element, the present invention can be
applied to various communication or optical devices, or parts used in the communication or optical devices.

Claims

1. An electro-optical element (1) capable of exploiting the Pockels effect, comprising:

a core layer (4) made of an electro-optical material;
a clad structure (5a, 5b, 6a, 6b) disposed on each of opposite sides of the core layer and configured to form an
optical waveguide together with the core layer; and
a pair of electrode layers (7a, 7b), one of which being disposed on one outer side of the clad structure and
another being disposed on the opposite outer side of the clad structure,

the clad structure including on each side an inner, first clad layer (5a, 5b) and an outer, second clad layer (6a, 6b),
distinct from the first clad layer;
characterized by
the second clad layer (6a, 6b) having a dielectric permittivity larger than that of the first clad layer, and
the second clad layer (6a, 6b) having a thickness thicker than that of the first clad layer.

2. The electro-optical element according to claim 1, wherein the first clad layer (5a, 5b) has a thickness smaller than
a wavelength of light propagated in the core layer.

3. The electro-optical element according to claim 1, wherein the second clad layer (6a, 6b) has a refractive index larger
than that of the core layer.

4. The electro-optical element according to claim 3, wherein the second clad layer (6a, 6b) has an optical transmittance
lower than that of the first clad layer.

5. The electro-optical element according to claim 1, wherein each of the electrode layers (7a, 7b) includes at least two
kinds of metallic thin films.

6. The electro-optical element according to claim 1, wherein at least one of the first clad layer (5a, 5b) and the second
clad layer (6a, 6b) includes a fine structure.

7. The electro-optical element according to claim 1, wherein the core layer (4) includes a polarization-inverted area.

8. The electro-optical element according to claim 1, wherein the electro-optical material of the core layer (4) includes
one or more of lithium niobate, lithium tantalate, kalium niobate, barium titanate, KTN, STO, BTO, SBN, PLZT, PZT,
and DAST.

9. The electro-optical element according to claim 1, wherein the second clad layer (6a, 6b) is made of a materials
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including any one of tantalum oxide, aluminum oxide, hafnium oxide, lithium niobate, lithium tantalate, kalium niobate,
barium titanate, KTN, STO, BTO, SBN, PLZT, PZT, and DAST.

10. The electro-optical element according to claim 1, wherein when the electric field of 10kV/mm is applied to the core
layer (4), a current density flowing in the core layer is set to be 2nA/mm2 or less.

Patentansprüche

1. Elektrooptisches Element (1), das imstande ist, den Pockels-Effekt auszunutzen, umfassend:

eine Kernschicht (4) aus einem elektrooptischen Material;
eine Mantelstruktur (5a, 5b, 6a, 6b), die auf jeder von gegenüberliegenden Seiten der Kernschicht angeordnet
und dafür konfiguriert ist, zusammen mit der Kernschicht einen optischen Wellenleiter zu bilden; und
ein Paar von Elektrodenschichten (7a, 7b), von denen eine auf einer Außenseite der Mantelstruktur angeordnet
ist und eine andere auf der gegenüberliegenden Außenseite der Mantelstruktur angeordnet ist,

wobei die Mantelstruktur auf jeder Seite eine innere, erste Mantelschicht (5a, 5b) und eine äußere, zweite Mantel-
schicht (6a, 6b), die sich von der ersten Mantelschicht unterscheidet, aufweist;
dadurch gekennzeichnet, dass
die zweite Mantelschicht (6a, 6b) eine Dielektrizitätskonstante hat, die größer als jene der ersten Mantelschicht ist,
und
die zweite Mantelschicht (6a, 6b) eine Dicke hat, die dicker als jene der ersten Mantelschicht ist.

2. Elektrooptisches Element nach Anspruch 1, worin die erste Mantelschicht (5a, 5b) eine Dicke hat, die kleiner als
eine Wellenlänge von Licht ist, das in der Kernschicht übertragen wird.

3. Elektrooptisches Element nach Anspruch 1, worin die zweite Mantelschicht (6a, 6b) einen Brechungsindex hat, der
größer als jener der Kernschicht ist.

4. Elektrooptisches Element nach Anspruch 3, worin die zweite Mantelschicht (6a, 6b) eine optische Durchlässigkeit
hat, die niedriger als jene der ersten Mantelschicht ist.

5. Elektrooptisches Element nach Anspruch 1, worin jede der Elektrodenschichten (7a, 7b) mindestens zwei Arten
von Metall-Dünnschichten aufweist.

6. Elektrooptisches Element nach Anspruch 1, worin mindestens eine der ersten Mantelschicht (5a, 5b) und der zweiten
Mantelschicht (6a, 6b) eine Feinstruktur aufweist.

7. Elektrooptisches Element nach Anspruch 1, worin die Kernschicht (4) einen polarisationsinvertierten Bereich auf-
weist.

8. Elektrooptisches Element nach Anspruch 1, worin das elektrooptische Material der Kernschicht (4) eines oder mehr
von Folgendem aufweist: Lithiumniobat, Lithiumtantalat, Kaliumniobat, Bariumtitanat, KTN, STO, BTO, SBN, PLZT,
PZT und DAST.

9. Elektrooptisches Element nach Anspruch 1, worin die zweite Mantelschicht (6a, 6b) aus einem Material besteht,
das eines von Folgendem aufweist: Tantaloxid, Aluminiumoxid, Hafniumoxid, Lithiumniobat, Lithiumtantalat, Kali-
umniobat, Bariumtitanat, KTN, STO, BTO, SBN, PLZT, PZT und DAST.

10. Elektrooptisches Element nach Anspruch 1, worin, wenn das elektrische Feld von 10 kV/mm an die Kernschicht (4)
angelegt wird, die Stromdichte eines in der Kernschicht fließenden Stroms auf 2 nA/mm2 oder weniger eingestellt
wird.

Revendications

1. Élément électro-optique (1) capable d’exploiter l’effet Pockels, comprenant :
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une couche de coeur (4) constituée d’un matériau électro-optique,
une structure de gaine (5a, 5b, 6a, 6b) disposée sur chacun des côtés opposés de la couche de coeur et
configurée pour former un guide d’onde optique conjointement avec la couche de coeur, et
une paire de couches d’électrode (7a, 7b) dont l’une est disposée sur un côté extérieur de la structure de gaine
et l’autre est disposée sur l’autre côté extérieur opposé de la structure de gaine,

la structure de gaine comprenant sur chaque côté une première couche de gaine intérieure (5a, 5b) et une seconde
couche de gaine extérieure (6a, 6b) distincte de la première couche de gaine,
caractérisé en ce que
la seconde couche de gaine (6a, 6b) a une permittivité diélectrique supérieure à celle de la première couche de
gaine, et
la seconde couche de gaine (6a, 6b) a une épaisseur supérieure à celle de la première couche de gaine.

2. Élément électro-optique selon la revendication 1, dans lequel la première couche de gaine (5a, 5b) a une épaisseur
inférieure à une longueur d’onde de lumière propagée dans la couche de coeur.

3. Élément électro-optique selon la revendication 1, dans lequel la seconde couche de gaine (6a, 6b) a un indice de
réfraction supérieur à celui de la couche de coeur.

4. Élément électro-optique selon la revendication 3, dans lequel la seconde couche de gaine (6a, 6b) a une transmit-
tance optique inférieure à celle de la première couche de gaine.

5. Élément électro-optique selon la revendication 1, dans lequel chacune des couches d’électrode (7a, 7b) inclut au
moins deux sortes de films métalliques minces.

6. Élément électro-optique selon la revendication 1, dans lequel au moins l’une de la première couche de gaine (5a,
5b) et de la seconde couche de gaine (6a, 6b) inclut une structure fine.

7. Élément électro-optique selon la revendication 1, dans lequel la couche de coeur (4) comprend une région à pola-
risation inversée.

8. Élément électro-optique selon la revendication 1, dans lequel le matériau électro-optique de la couche de coeur (4)
inclut un ou plusieurs des suivants : niobate de lithium, tantalate de lithium, niobate de potassium, titanate de baryum,
KTN, STO, BTO, SBN, PLZT, PZT et DAST.

9. Élément électro-optique selon la revendication 1, dans lequel la seconde couche de gaine (6a, 6b) est faite d’un
matériau comprenant l’un quelconque des suivants : oxyde de tantale, oxyde d’aluminium, oxyde d’hafnium, niobate
de lithium, tantalate de lithium, niobate de potassium, titanate de baryum, KTN, STO, BTO, SBN, PLZT, PZT et DAST.

10. Élément électro-optique selon la revendication 1, dans lequel lorsque le champ électrique de 10 kV/mm est appliqué
à la couche de coeur (4), la densité d’un courant passant dans la couche de coeur est réglée pour être de 2 nA/mm2

ou moins.
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